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Repair of Groin Hernia With Synthetic Mesh

Meta-Analysis of Randomized Controlled Trials

The EU Hernia Trialists Collaboration*

Objective

To measure the effects of laparoscopic and open placement
of synthetic mesh on recurrence and persisting pain following
groin hernia repair.

Summary Background Data

Synthetic mesh techniques are claimed to reduce the risk of
recurrence but there are concerns about costs and possible
long-term complications, particularly pain.

Methods

Electronic databases were searched and experts consulted to
identify randomized or quasi-randomized trials that compared
mesh with non-mesh methods, or laparoscopic with open
mesh placement. Individual patient data were sought for each
trial. Aggregated data were used where individual patient data
were not available. Meta-analyses of hernia recurrence and
persisting pain were based on intention to treat.

Results

There were 62 relevant comparisons in 58 trials. These in-
cluded 11,174 participants: individual patient data were avail-
able for 6,901 patients, supplementary aggregated data for
2,390 patients, and published data for 1883 patients. Recur-
rence and persisting pain were less after mesh repair (overall
recurrences: 88 in 4,426 vs. 187 in 3,795; OR 0.43, 95% CI
0.34-0.55; P < .001) (overall persistent pain: 120 in 2,368
vs. 2151in 1,998; OR 0.36, 95% CI 0.29-0.46; P < .001),
regardless of the non-mesh comparator. Whereas the reduc-
tion in recurrence was similar after laparoscopic and open
mesh placement (OR 1.26, 95% CI 0.76-2.08; P = .36), per-
sistent pain was less common after laparoscopic than open
mesh placement (OR 0.64; 95% CI 0.52-0.78; P < .001).

Conclusions

The use of synthetic mesh substantially reduces the risk of
hernia recurrence irrespective of placement method. Mesh
repair appears to reduce the chance of persisting pain rather
than increase it.

Repair of groin hernia is performed over 700,000 times
each year in both the United States and Europe. Although
there are many variants, the standard technique changed
little over the 100 years up to the late 1980s. Conventional
open repair relies on the suture line to close the hernia
defect. Its major drawback is hernia recurrence, commonly
the reason for 10 to 15% of operations.* In some countries,
this has largely been replaced by methods using a synthetic
mesh to cover the defect, placed either directly through a
groin incision or, less commonly, indirectly using a laparo-
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scope. These methods are associated with more rapid return
to normal activities and with low recurrence rates.>* Mesh
techniques are little used in some other countries, however,
because the mesh is an additional cost and there are con-
cerns about possible long-term problems, particularly per-
sistent pain.* Placing the mesh with a laparoscope takes
longer than through an open incision, and has been linked to
rare, serious complications.®

The least biased evaluation of mesh techniques will come
from randomized trials. Individual trials are generally too
small to give sufficiently precise estimates of effects and
few reports have included data on long-term performance.
The EU Hernia Trialists Collaboration is a group of surgical
trialists who have participated in randomized trials of open
mesh or laparoscopic groin herniarepair.® Thisis areport of
a systematic review of these trials. In most cases this was
based on reanalysis of individual patient data (IPD), i.e.,
raw datasets, because of the greater reliability of this ap-
proach.® The aims were to assess whether mesh techniques
reduce the risk of recurrence and whether they are associ-
ated with more persisting pain.
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METHODS

Collaboration members met face to face at three meet-
ings, with workshops to devel op and agree the protocol. The
work was coordinated by a statistical secretariat. Our meth-
ods followed those of the Cochrane Collaboration.®”

Selection of Studies

Studies were eligible for inclusion if they were random-
ized or quasi-randomized (such as coin toss or alternation)
trials comparing laparoscopic with open methods or open
mesh with non-mesh methods of groin hernia repair. The
electronic bibliographic databases MEDLINE and The Co-
chrane Central Controlled Trials Registry’ were first
searched. In MEDLINE, the first two stages of the standard
Cochrane search strategy® were used with the appropriate
specific search terms for inguinal hernia repair. There was
no language restriction. Further trials were identified from
the reference lists of reports of known trials, relevant web-
sites, and by word of mouth through the Collaboration.
Trials were identified up to June 2000 and data collection
was closed in July 2000.

Data Collection and Analysis

Individual patient data were sought for all patients ran-
domized in all eligible published and unpublished trials for
reanalysis by a statistical secretariat. Detailed checks were
made on each dataset received, including for randomization
integrity. Queries were clarified and the results of the re-
analysis verified by the triaist. All analyses were based on
the original allocation regardless of the actual method of
repair performed (“intention to treat”). If patients had been
excluded because they did not receive the allocated proce-
dure, details were sought and included where possible.
Where IPD were not available, aggregated data were used;
the trialists were asked to verify information abstracted
from their publications and supplement this where possible.

Separate analyses were conducted for mesh (whether
open or laparoscopic) versus non-mesh methods (eg.,
Shouldice® or other) and for laparoscopic versus open mesh
repair, stratified by the types of mesh repair. Open mesh
operations were classified as flat mesh (e.g., Lichtenstein®®),
plug and mesh, or preperitoneal mesh (e.g., Stoppa?), and
laparoscopic operations as transabdomina preperitoneal
(TAPP) or totally extraperitoneal (TEP).

Three-arm trials were included in all appropriate sections
of the meta-analyses. To avoid double counting, the data for
trial groups appearing in two comparisons in the same table
were divided equally when generating the bottom line esti-
mate. Some trial arms were a mixture of techniques, for
example some laparoscopic groups contain a mixture of
TAPP and TEP repairs. Where possible, we used the IPD to
split a trial into two groups of centers or surgeons that
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mainly used the different types of repair, and included the
resulting two strata of the trial separately in our meta
analyses. Where this was not possible, the trial has been
included according to the most common type of repair used.

Possible effect modification by type of non-mesh operation
was explored in secondary analyses after sratification by
whether they were Shouldice repairs. Hernia recurrence data
were based on the method of ascertainment used in individual
trials. Persisting pain was defined as any pain (including slight)
in the groin region (including testicular) persisting at 1 year
after the operation, or at the closest timepoint to 1 year pro-
vided this was more than 3 months after surgery.

Statistical Analysis

The observed minus the expected number of events with
its variance were derived for each trial to calculate individ-
ual and overall odds ratios with 95% confidence intervals
using the fixed effects model.*> Where there was evidence
of significant heterogeneity between the trials we also con-
ducted a secondary analysis based on a random effects
model. Sensitivity analyses were also performed to assess
any impact of non-IPD data and study quality on the effect
estimates. Life table analysis using yearly intervals was
used to calculate the annual and cumulative recurrence rates
using the IPD studies only. We did this rather than deriving
pooled survival curves because the times when recurrences
were identified tended to be at fixed points after the opera-
tion (coinciding with standard follow-up appointments)
rather than when the recurrence actually occurred. In order
to calculate the numbers of participants exposed to risk
those lost to follow-up were assumed to withdraw halfway
through each interval.

RESULTS

The trials are summarized in Table 1. There were 62
relevant comparisons in 58 eligible trials (11,174 partici-
pants), because four trials had three arms. Individual patient
data were provided for 35 trids**® (P Nordin, R GirZo:
personal communication, 2000) (6,901 participants), two of
which have no published report (P Nordin, R Girao: persona
communication, 2000), and additional aggregated data for a
further nine (2,390 participants).*®~>® Published data only were
available for the other 14 (1,883 participants).>*~%® Four of
these were identified too |ate to approach the authors,>>°6:66:67
with information available limited to a conference abstract.
All trials were restricted to elective groin hernia repair.

Twenty-one included recurrent as well as primary her-
'~ 13-15,17,18,23,27,29,31,35,38,40,43,44,49,50,53,58,61,62,68 24 were limited

nias,
to prlmary hernias Only,16'21'24'28'30'32_34’36'37'39’41’42’

46-48,51,57,60.63-65 (p Nordin, R Girzo: personal commu-
nication, 2000) one included recurrent hernias only?>,
and these details were not reported for 12.19:20:22:26:45.52,
54-56:59.66.67 Based on IPD, participants had a mean age
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Table 1. CHARACTERISTICS OF 58 ELIGIBLE RANDOMIZED CONTROLLED TRIALS OF
GROIN HERNIA REPAIR
Numbers Sources of Data
Randomized
Reference Identifier Duration of Follow-up (Analyzed) Recurrence Pain
Open mesh versus open
non-mesh
Flat mesh versus
Shouldice
Barth et al®° New Hampshire 1998 4 weeks 106 IPD Not available
Castoro et al** Padova 1997 3 weeks 334 IPD Not available
Danielsson et al®® Halmstad 1999 1 year 200 (178) Published data  Not available
Girao Lisbon (unpublished) around 1 year 339 IPD Not available
Kux et al®® Vienna 1994 2% years 209 Published data  Not available
McGillicuddy?? Lansing 1998 mean 5 years (range 3-8) 672 Published data  Published data
Nordin Ostersund (unpublished) range 24-66 months 300 IPD IPD
Schmitz et al*® 1997 Bergisch-Gladbach 6 days 64 Not available Not available
Flat mesh versus other
non-mesh
Vallribera et al'® Barcelona 1997 unclear 428 IPD Not available
Callesen et al*® Hvidovre 1999 4 weeks 84 Not available Not available
Friis et al®® Copenhagen 1996 2 years 234 (208) Published data  Published data
Prior et al®® Pontypridd 1998 mean 7 weeks (range 1-13) 80 Published data  Not available
Pappalardo et al*® Rome 1995 mean 4.7 years (range 3-6) 100 Published data  Additional
information
Neagu et al®® Bucharest 2000 not reported 300 Published data  Not available
Van den Tol et al®” Rotterdam 1996 mean 13 months 300 IPD IPD
Rukas et al®® Vilnius 2000 8-28 months 207 Published data  Not available
Plug and mesh versus
other non-mesh
Pirski et al'” Gdansk 1997 1-17 months 140 IPD IPD
Laparoscopic versus
open non-mesh
TAPP versus Non-mesh
Damamme et al®” Caen 1998 mean 15.3 months (range 4-30) 64 (55) Published data  Not available
Dirksen et al** Maastricht 1998 mean 24 months (range 15-36) 210 (175) IPD IPD
Hauters et al*! Tournai 1996 median 30 months (range 19-42) 70 IPD Not available
Juul et al®? Nyborg 1999 Lap median 12 months (range 8-17) 287 (268)  Published data  Not available
Open median 12 months
(range 8-23)
Kald et al*® Linkdping 1997 2 months (199); 1 year (194) 200 (199) IPD Not available
Kunz et al*? Uim 1993 unclear 50 IPD IPD
Lawrence et al®® Oxford 1995 6 weeks 130/124 Published data  Not available
Leibl et al®® Stuttgart 1995 median 16 months (range 13-21) 102 IPD Not available
Maddern et al'* Adelaide 1994 median 243 (range 160-436) 86 IPD IPD
Stoker et al*® Whipps Cross 1994 mean 7 months 150 Additional Additional
information information
Tanphiphat et al®® Bangkok 1998 mean 32 months (12-52) 120 Published data  Additional
information
Tschudi et al® Aarberg 1996 mean 201 days 100 IPD IPD
TEP versus Non-mesh
Bessell et al*® Woodville 1996 median 220 days (range 9-568) 104 IPD IPD
Champault et al® Paris 1994 mean 12.3 months (2-21) 181 Published data  Not available
Liem et al*® Coala Trial Group 1997 median 607 days (IQR 369-731) 994 Published data  Published data
Nathanson et al®* Brisbane 1996 median 24 months 184 Published data  Not available
Ramon et al®’ Barcelona 1998 7 days/30 days 59 Not available Not available
Laparoscopic versus
open mesh
TAPP versus Mesh
Aitola et al*® Tampere 1998 median 18 months 60 (49) IPD Not available
(continues)

IPD: Individual Patient Data used.
LAP: laparoscopic.
*Value unclear.
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Table 1. Continued
Numbers Sources of Data
Randomized
Reference Identifier Duration of Follow-up (Analyzed) Recurrence Pain
Beets et al*® Maastricht 1999 mean 21 months (range 8-36) 79 IPD IPD
Gontarz et al*® Bydgoszcz 1998 median 6 months (range 3-11) 112 Published data  Not available
Filipi et al®! Omaha 1996 mean 11 months (range 1-24) 53 Published data  Not available
Heikkinen et al’ Kokkola 1997 median 10 months 38 IPD Not available
Heikkinen et al®? Oulu 1 1998 median 17 months 40 (38) IPD Not available
Paganini et al'® Ancona 1998 mean 28 months (IQR 24.9-30.9) 108 IPD Additional
information
Payne et al'® Hawaii 1994 median 10 months (range 7-18) 100 IPD Not available
Picchio et al®* Riga 1999 4 weeks 105 Not available Not available
Sarli et al®® Parma 1997 mean 36 months (range 18-54) 108 Additional Additional
information information
Wellwood et al** Whipps Cross 1998 3 months 403 IPD IPD
TEP versus Mesh
Bostanci et al®® Denizli 1998 15 (4-24) months* 64 Published data  Not available
Champault et al®? Paris 1997 mean 510 days (lap) 100 Published data  Not available
mean 610 days (open)
(range 30-1600)
Khoury®® Quebec 1998 median 17 months (range 2-36) 261 IPD IPD
Merello et al*® Madrid 1997 ‘short’ 120 IPD IPD
Heikkinen et al®® Oulu 2 1998 median 10 months 45 IPD IPD
Payne et al'® Hawaii 1996 median 20 months (?range 4-40) 100 Published data  Not available
Mixed Laparoscopic
versus mixed open
Barkun et al*® Montreal 1995 median 14 months 123 Not available Not available
Kozol et al*” Michigan 1997 unclear (at least 2 days) 57 IPD IPD
MRC Trial Group®® MRC Multicentre 1998 1 year 928 IPD IPD
Laparoscopic versus
open mesh versus
open non-mesh
Kéninger et al*® Bietigheim 1998 median 18 months 280 (274)  Published data  Additional
information
Zieren et al*’ Berlin 1998 mean 25 months (SD 7) 240 Published data  Additional
information
Johansson et al®® SCUR 1999 1 year 614 IPD IPD
TAPP versus TEP versus
non-mesh
Schrenk et al®’ Linz 1996 3 months 86 Published data  Not available

of 54.6 (SD 15.6) years, 95.3% were men, 8.7% had

seven,

15,29,34,36,37,39,49

sealed envelopes in 2

7 13,14,17-19,

recurrent hernias, 7.0% bilateral, and 1.0% femoral. The
comparisons in the 58 trials were: open mesh versus open
non-mesh (17 trials 16,17,20,22,30,34,36,37,46,50,55,59,63,65,66
[P Nordin, R Girdo: personal communication, 2000]
3,880 participants); laparoscopic versus open non-mesh
(17 trials13,14,23,24,39,41—43,45,49,52,54,57,60,61,67,68 3.065

participants); laparoscopic versus open mesh (17 tri-
a]S,15'18‘19'21’25‘26’31—33‘35’40'44’53'56'58‘62'64 1,898 partici-
pants); laparoscopic versus a mixture of open repairs
(three trials,?"~2° 1,109 participants); |aparoscopic versus
open mesh versus open non-mesh (three trials,3%4748
1,136 participants), and two types of laparoscopic repair
versus open non-mesh (one trial,>* 86 participants).
The method of randomization used was stated explic-
itly for 47 of 58 trials: central randomization service in

24,25,27,28,32,33,38,41-46,51-53,57,61—-63,68 (P Nordin: personal

communication, 2000) computer generated random num-
bers in two**’ and random number tables in
five!®20238064 (gthough concealment details were not de-
scribed), the coin-toss method in two,?? (R Girgo: personal
communication, 2000) by alternation in two,%4° by birth
date in one,?! and random selection by cardsin one.* In 11
trials, the alocation was said to be “randomized” but the
method was not specified,30:48:50.54-56.5859.65-67 Thea trigls
ranged in size from 38 to 994 randomized patients. The
mean or median duration of follow-up ranged from 6 days
to 6 years (Table 1). The method of follow-up was by
clinical assessment in 31 trials, by a combination of ques-
tionnaire and clinical assessment in three, and was not
described in 24 trials.
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Mesh Hon-mesh Peto OR Peto OR

Study /N nH (95%ClI Fixed) (95%Ci Fixed) Data source

01 Flat Mesh versus Non-mesh
Ostersund (unpub) 07149 7147 —_— 0.13[0.03,0.57] 1
Rotterdam 1996 14146 121143 —_— 0.17[0.05,0.511 1

X New Hampshire 1998 0554 0 /350 Not Estimable 1

X Padova 1996 0/168 01157 Not Estimable 1
Liskon {unpuk) 21176 21162 —— 0.92[0.13661] 1
Barcelona 1997 17140 307273 —e 0.23{0.11,0.48) 1
Bietigheim 1898 1490 290 —_— 0.51[{0.05,4.97] 2
Copenhagen 1996 51102 16 /106 ——— 0.33[0.13,0.80] 2
Lansing 1998 21371 71337 —a—] 0.28[0.08,1.09] 3

x Pontypridd 1998 0742 0138 Not Estimable 3
Rome 1835 050 1450 —_— 0.14{0.00,6.82] 3
Vienna 1994 17102 01107 — . 7.69[0.15387.51] 3
wilnius 2000 15104 5/103 — 0.25[0.05,1.28] 3
Bucharest 2000 21100 47100 —_—t 0.50[0.10,2.55] 3
Halmstad 1999 0/89 9789 —— 0.12[0.03,0.47] 3

Subtotai(95%Cl) 16 /1883 95 11852 - 0.26[0.17,0.38]

Test for heterogeneity chi-square=8.60 df=11 p=0.66

Test for overall effect z=-6.87 p<0.00001

02 Plug and Mesh versus Non-mesh
Gdansk 1997 7I70 14 161 — 0.38[0.15,0.88] 1

x Berlin 1996 0480 0/s80 Not Estimable 2

Subtotal(95%Cl) 74150 14 1141 B 0.38[0.15,0.98])

Test for heterogeneity chi-square=0.0 df=0

Test for overall effect z=-2.01 p=0.04

03 Preperitoneat Mesh versus Non-mesh
SCUR 1989 134199 4 4207 B 3.14[1.18,6.29] 1

Subitatal(95%Cl) 134198 41207 -wafjine- 3.14[1.18,8.29]

Test for heterogeneity chi-sguare=0.0 df=0Q

Test for overall effect z=2.31 p=0.02

04 TAPP versus Non-mesh
Maastricht 1898 7188 2287 — 0.29[0.13,0.64) 1
Linkdping 1997 24110 5189 —— 0.33[0.07,1.49} 1
Adelaide 1994 1442 0/44 —_— B 5.81[0.12,292.95} 1
Aarberg 1996 3451 6r48 ——— 0.49[(013,1 81} 1
Michigan 1997 67413 215 e 1.74[0.42,7 26} 1
Uim 1993 1423 Qr27 —- . 8.67[0.17,437.03} 1
SCUR 1988 31207 4 207 — 0.77[0.17,3.38} 1

% Stuttgart 1995 0s54 07486 Not Estimable 1
Tournai 1936 1/34 3133 — 0.34[0.05,2.53} 1
Nyborg 1999 41438 37130 —— 0.32[0.05,1 87} 2
Linz 1996 1428 0s34 —t——a———  9.03[0.18,454 .86} 2
Whipps Cross 1994 0750 2148 —— 0.12[0.01,2.05] 2
Bietigheim 1998 1494 2/90 [N N S 0.49[0.05,4.77} 2

x Berlin 1996 0s80 0/80 Not Estimable 2
Bangkok 1998 1758 0757 —_—te . 7.39[0.15,372.41] 2
Oxford 1995 1158 0/66 —_—s—————  8.33[0.17,419.89] 3

x Caen 1998 ar2s 0/30 Not Estimable 3

Subtotal(35%CIy 3271453 49 11124 - 0.52[0.33,0.83]

Test for heterogeneity chi-square=16.14 df=13 p=0.24

Test for overall effect z=-2.78 p=0.005

05 TEP versus Non-mesh

x MRCmulticentre 1999 0/2 0i2 Not Estimahle 1
YWaadville 1996 2147 0/55 e 9.06[0.55,149.02] 1
Coala Trial Gp 1997 17 1487 31 /507 = 0.57[0.32,1.01] 2

x Linz 1996 024 0/34 Not Estimable 2
Brisbane 1936 1492 0/s82 —_—t e 7.39[0.15372.41] 3

x Paris 1994 0/89 0782 Not Estimable 3

Substotal(85%Cl) 20/741 311782 - 067{0.38,1.17]

Test for heterogeneity chi-square=5.09 df=2 p=0078

Test for overall effect z=-1.42 p=0.16

Total(35%Cl) 88 /4426 187 13795 *» 0.43[0.34,0.55]

Test for heterogeneity chi-square=49.08 df=30 p=0.015

Test for overalt effect z=-6.63 p=0.00001

001 02 50 1000
Favours mesh Favours non-mesh

Figure 1. Mesh versus non-mesh: hernia recurrence. X denotes no recurrences in either mesh or non-
mesh group. The solid squares denote individual odds ratio and the horizontal lines represent 95% confi-
dence intervals. The diamonds denote pooled odds ratio. Cl, confidence interval; df, degrees of freedom;
OR, Odds Ratio; TAPP, transabdominal preperitoneal; TEP, totally extraperitoneal; MRC, Medical Research
Council; SCUR, Scandinavian Clinics United Research. Data source codes: 1 = individual patient data; 2 =
additional aggregate data; 3 = published data only.
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Laparoscopic Open mesh Peto OR Peto OR

Study nH nM (95%C]I Fixed) (95%ClI Fixed) Data source

01 TAPP versus Open Mesh
SCUR 1999 31207 13/198 —a— 0.26[0.10,0.71] 1
Ancona 1998 2752 0/56 N S 8.35[0.51,137.34] 1

X Oulu 11998 020 0/20 Not Estimable 1
Whipps Cross 1998 11200 11200 _— 1.00[0.06,15.99] 1

% Hawaii 1994 0151 0749 Not Estimable 1

x Kokkola 1997 0720 0/18 Not Estimable 1

% MRCmulticentre 1999 0175 0i76 Not Estimable 1
Maastricht 1999 6742 1137 ——— 4.12[0.88,19.31] 1
Tampere 1995 5128 113 J S — 4.80[0.80,25.63] 1
Bietigheim 1998 1194 1490 —_— 0.96[0.06,15.36] 2

X Berlin 1996 0/80 0/80 Not Estimable 2
Parma 1997 2152 1456 —— 2.15[0.22,21.35) 2
Bydgoszcz 1998 2162 1173 — 2.34[0.24,23.18] 3
Omaha 1996 0124 2429 —_— 0.16[0.01,2.57] 3

Subtotal(35%Cl) 22 41007 21 11014 - 1.06[0.57,1.95]

Test for heterogeneity chi-square=18.34 df=8 p=0.019

Test for overall effect z=017 p=08

02 TEP versus Open Mesh

x Oulu 21998 n/22 0/23 Not Estimable 1

X Madrid 1997 0/58 0/57 Not Estimable 1
Quebec 1998 3137 6116 —l— 0.42{0.11,1 60] 1
MRCmulticentre 1999 71285 0i2n — 7.18[1.62,31 86) 1
Paris 1997 37151 17149 N 2.69[0.37,19.68) 3
Hawaii 1996 1150 050 a 7.39[0.15,372.41] 3

x Denizli 1998 0432 0/32 Not Estimable 3

Subtotal(95%Cl) 14 1636 71598 . 1.80[0.76,4.28]

Test for heterogeneity chi-square=8.53 df=3 p=0.036

Test for overall effect z=1.33 p=0.18

Total(95%Cl) 36/1643 2811612 - 1.26[0.76,2.08]

Test for heterogeneity chi-sguare=27.84 df=12 p=0.0058

Test for overall effect z=091 p=04

o 0z 1 0 1000

Favours faparoscopic

Favours open mesh

Figure 2. Laparoscopic versus open mesh: hernia recurrence. X denotes no recurrences in either laparo-
scopic or open mesh group. The solid squares denote individual odds ratio and the horizontal lines
represent 95% confidence intervals. The diamonds denote pooled odds ratio. Cl, confidence interval; df,
degrees of freedom; OR, Odds Ratio; TAPP, transabdominal preperitoneal; TEP, totally extraperitoneal;
MRC, Medical Research Council; SCUR, Scandinavian Clinics United Research. Data source codes: 1 =
individual patient data; 2 = additional aggregate data; 3 = published data only.

Hernia Recurrence

The odds of recurrence varied between trias, in part
because of the variable length of follow-up. The odds were
lower in the group managed with mesh in 21 of 31 trial
comparisons with reported recurrences, irrespective of the
method used to place the mesh (Fig. 1). Overall, 88 (2.0%)
recurrences were reported after 4,426 mesh repairs com-
pared with 187 (4.9%) after 3,795 conventional repairs (OR
0.43; 95% CI 0.34—0.55; [z = 6.63] P < .001). The pattern
was similar regardless of the method of mesh replacement

(except the single preperitoneal mesh trial®® [Fig. 1]) and
whether the non-mesh method was Shouldice (OR 0.46
95% CI 0.29-0.72 for mesh versus Shouldice repair, and
0.37, 0.26—0.52, for mesh versus non-Shouldice; data not
shown). There was no significant difference in recurrence
rates when laparoscopic mesh was compared with open
mesh methods (overall 36 of 1,643 (2.2%) versus 28 of
1,612 (1.7%); OR 1.26; 95% CI 0.76 to 2.08) (Fig. 2). The
cumulative recurrence rates over time (Fig. 3) suggest that
the differences between mesh and non-mesh methods be-
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Figure 3. Cumulative recurrence rates (in-
dividual patient data studies only) with 95%
confidence intervals.

Year

Mesh

No of recurrences in year: 19 14 3
Exposed to risk: 1084 562 2535
Non mesh

No of recurrences in year: 22 24 8
Exposed to risk: 8825 465.5 241

come more marked after the first year. The confidence
intervals around these estimates are wide, however, reflect-
ing the relatively few follow-up data available for later
years.

Persisting Pain

Odds of persisting pain varied considerably between tri-
als reflecting the varying definitions used and the varying
times of follow-up. Within trials, the odds were less after
mesh repair in 17 of the 21 comparisons for which data
could be derived (OR 0.36; 95% CI 0.29-0.46; [z = 8.19]
P < .001 [Fig. 4]). Again, this pattern was observed within
all the strata characterized by the method of mesh placement
and irrespective of the type of non-mesh repair, other than
the single preperitoneal mesh trial.*® Analysis of trials com-
paring laparoscopic placement with open mesh placement
showed fewer reports after laparoscopic repair (OR 0.64;
95% CI 0.52-0.78;[z = 4.32] P < .001[Fig. 5]).

Analyses restricted to IPD data alone gave similar esti-
mates for recurrence to the overall results (50/1,773 versus
111/1,846: OR 0.47; 95% CI 0.35-0.65), but more conser-
vative estimates for persisting pain (65/1,004 versus 95/999:
OR 0.60; 95% CI 0.42—0.84). Secondary analyses using a
random effects model where there was evidence of signif-
icant heterogeneity had no qualitative effect on the findings.
However, the difference observed in persisting pain be-
tween flat mesh and non-mesh (top of Fig. 4) was no longer
statistically significant.

DISCUSSION

The Collaboration identified data for 11,000 randomized
patients, 10 times more than the single largest trial. These
data indicate that the use of synthetic mesh reduces the risk

141.5

11
143

of groin hernia recurrence by around 50%, regardless of
method of placement. Persisting pain was also less frequent
among the groups allocated to mesh repair, and apparently
less common after laparoscopic than after open placement
of mesh.

To our knowledge, this is the first time that general
surgeons have collaborated to agree on a protocol and
contribute raw data to a centra reanalysis of trials. This
process led to much more data being available in a format
suitable for meta-analysis than when relying on published
data aone.>* This collaborative framework also means that
it is unlikely that we have missed eligible studies, although
we do know that one large trial with long term follow-up is
currently unreported and recruitment to another is ongoing.
Despite our best efforts, IPD were not availablefor all trials.
For nine, trialists checked aggregated data and supplied
additional information when available. Of the remaining 14
without IPD, four were identified from conference abstracts
just before we closed data collection. The collection of 1PD
for 35 trials did enhance the information available on re-
currence, but was particularly important for the analyses of
persisting pain, as few published reports have included
this.®>® Also, the IPD suggest that the available non-IPD
data overestimate the reduction in persisting pain following
mesh repair.

The trials did vary in methodological quality. The effect
sizes estimated from those with known more secure meth-
ods of randomization were smaller but still significant (ORs
for mesh vs. non-mesh recurrence: 0.55; 0.40—0.75; per-
sisting pain: 0.40; 0.31-0.53). The OR for mesh versus
non-mesh recurrence was lower among trials with follow-up
rates above 90%.

The method of repair used in the non-mesh groups varied
between trials (Table 1). There were, however, no differ-
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Mesh Non-mesh Peto OR Peto OR

Study N nH {95%C! Fixed) (95%Cl Fixed) Data source

01 Flat Mesh versus Non-mesh
Ostersund (unpub) 1171137 81140 ~an 1.43[0.57 3.64] 1
Rotterdam 1996 11148 127143 —_— 0.17[0.06,0.51] 1

x Rome 1995 0450 0750 Not Estimable 1
Bietigheim 1938 22790 49790 a- 0.29[0.16,0.52] 2
Copenhagen 1996 17102 07108 —_—a— 7680153587 .59] 2
Lansing 1988 41371 14337 e 3.04{0.52,17 69| 3

Subtetal(95%Cl) 39/896 70 /866 - 0.46[0.28,0.71]

Test for heterogeneity chi-square=17 .75 df=4 p=0.0014

Test for overall effect z=-3.50 p=0.0005

02 Plug and Mesh versus Mon-mesh
Gdansk 1997 5168 7153 — 0.52[0.161.73] 1
Berlin 1996 1480 3180 —_— 0.36[0.05,2.61] 2

Subtotal(95%Cl) 67148 107133 - 0.47[0.171.32]

Test for heterogeneity chi-square=0.10 df=1 p=0.75

Test for overall effect z=-1.43 p=0.15

03 Preperitoneal Mesh versus Non-mesh
SCUR 1999 71169 47181 B 1.88{0.57 £.29] 1

Subtotal(95%Cl) / 71168 47181 -l 1.88[0.57 6.29]

Test for heterogeneity chi-square=0.0 df=0

Test for overall effect z=1.03 p=0.3

04 TAPP versus Non-mesh
Michigan 1997 2017 3116 — = 0.59[0.09,3.85] 1
Maastricht 1998 19/84 23782 = 0.75[0.37 1 .51] 1
Adelside 1994 2114 3112 — =i 052(0.083.51] 1
Aarberg 1996 0451 1149 _ = 0.13[0.00,6.55] 1
SCUR 1993 11176 41181 — 0.31{0.05,1.78) 1
Ulm 1993 0423 1127 - - 0.16[0.008.01] 1
Whipps Cross 1994 11450 21148 — 0.38[0.16,0.87] 1
Bietigheim 1998 15194 49790 - 0.18{0.100.34] 2
Betlin 1996 2180 3780 —_— 0.66[0.11,3.92] 2
Bangkok 1998 0780 1160 L 0.14[0.006.82] 2

Subtotal(95%Cl) 527648 1097645 -*» 0.36[0.25,0.51]

Test for heterogeneity chi-square=10.49 df=9 p=0.31

Test for overall effect z=-5.55 p=0.00001

05 TEP versus Non-mesh
MRCmutticentre 1999 318 517 — s 0.28[0.04,2.00] 1
Woodville 1996 3N 3110 — 0.85(0.14,5.60] 1
Coals Trisl Gp 1937 104487 70 £507 - 0.20[0.13,0.32] 2

Subtotal(95%Cl) 16 /506 781524 +* 0.23[0.15,0.35]

Test for heterogeneity chi-square=2.30 df=2 p=0.32

Test for overall effect z=-6.76 p=0.00001

Total(95%Cl) 120 12368 21511998 4+ 0.36[0.29,0.46]

Test for heterogeneity chi-square=41 .58 df=20 p=0.0031

Test for overall effect z=-8.19 p<0.00001

01 02 1 50 1000

Favours mesh Fawvours non-mesh

Figure 4. Mesh versus non-mesh: persisting pain. X denotes no pain in either mesh or non-mesh group.
The solid squares denote individual odds ratio and the horizontal lines represent 95% confidence intervals.
The diamonds denote pooled odds ratio. Cl, confidence interval; df, degrees of freedom; OR, Odds Ratio;
TAPP, transabdominal preperitoneal; TEP, totally extraperitoneal; MRC, Medical Research Council; SCUR,
Scandinavian Clinics United Research. Data source codes: 1 = individual patient data; 2 = additional
aggregate data; 3 = published data only.
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Laparoscopic Open mesh Peto OR Peto OR

Study niH nM (95%CI Fixed) {95%C! Fixed) Data source

01 TAPP versus Open Mesh
Whipps Cross 1998 451184 597180 - 0.67[0.42,1.05] 1
SCUR 1999 11176 71169 N — 0.21[0.05,0.84] 1
MRCmulticentre 1999 421107 45795 - 0.72[0.41 1 .26 1
Maastricht 1999 4142 3137 — 1.19[0.25,5 58] 1
Parma 1997 1152 0156 7.98[0.16,403.27) 2
Bietigheimn 1998 15494 22190 —-t 0.59[0.29,1.21] 2
Berlin 1996 2i80 1180 N P — 1.96[0.20,19.16) 2
Ancona 1998 6752 17 /56 — 0.33[0.13,082) 2

Subtotal(95%Cl) 116 4787 154 /763 'y 062[0.47,0.83]

Test far heterogeneity chi-square=7 .86 df=7 p=0.34

Test for overall effect z=-3.25 p=0.001

02 TEP versus Open Mesh
MRCmulticertre 1999 1254324 1421317 n 0.77[0.57 1.08] 1
Madrid 1997 0/34 517 —_— 0.04[0.01,0.27] 1
Oulu 2 1998 0s22 1123 » 0.14{0.00,713] 1
Quebec 1998 21137 111147 —— 0.20[0.06,0.60] 1

Subtotal(95%CI) 1271517 158 /474 & 0.65[0.48,0.87]

Test for heterogeneity chi-square=14.38 df=3 p=0.0024

Test for overall effect 2=-2.85 p=0.004

Total(95%Cl) 24311304 31311237 + 0.64[0.52,0.78]

Test for heterogeneity chi-square=22.28 df=11 p=0.022

Test for overall effect z=-4.32 p=0.00002

om0, 1 50 1000

Favours laparoscopic

Favours open mesh

Figure 5. Laparoscopic versus open mesh: persisting pain. The solid squares denote individual odds ratio
and the horizontal lines represent 95% confidence intervals. The diamonds denote pooled odds ratio. Cl,
confidence interval; df, degrees of freedom; OR, Odds Ratio; TAPP, transalbdominal preperitoneal; TEP,
totally extraperitoneal; MRC, Medical Research Council; SCUR, Scandinavian Clinics United Research.
Data source codes: 1 = individual patient data; 2 = additional aggregate data; 3 = published data only.

ences in recurrence reduction in analyses stratified by
whether the Shouldice method was used. Also, lower odds
of recurrence were observed after mesh repair, regardless of
whether the method of placement was by open or laparo-
scopic surgery (Fig. 1). The only possible exception was
preperitoneal mesh and this reflected one trial only.® Trials
that were direct comparisons between different methods of
mesh placement (Fig. 2) also suggested that these two
methods of placement were equally effective in this respect.
The reduction in hernia recurrence attributable to mesh
repair appears to increase over time (Fig. 3). Although
relatively few dataare available to assess thisfor later years,
an absolute reduction of 6% or more is likely; this equates
to one fewer recurrence for every 17 repairs performed, or
42,000 fewer recurrences each year in Europe or the United
States.

Worldwide, there is a widely varying use of mesh tech-
niques for groin hernia repair. One reason for not using
mesh is concern about long-term morbidity. We found only
two cases of mesh infection (one laparoscopically placed®

and one placed by an open procedure®®). The 7,157 people
repaired with mesh had very variable follow-up, however
(Table 1). A second concern is the possibility of groin pain.*
Our data indicate that it is more likely that mesh reduces
rather than increases persisting pain. This finding should be
interpreted cautiously. We adopted a broad definition and
included any pain in the groin region (including testicular
pain), regardless of severity or impact, reported around 1
year after the operation. As a consequence, prevalence rates
differed widely between trials. There are currently few
published data and most of those reported here came from
IPD analysis. Even with IPD such data were available from
only about 50% of relevant trials. Two trials*®*° contribute
half the “weight” to this analysis; after their removal, the
difference is more modest (OR 0.63, 95% CI 0.45-0.87).
Another reason for not using mesh repair is the extra cost of
the mesh. Our findings suggest that these costs are offset by
savings associated with reduced risk of recurrence over 1 to
4 years (the time depending on the local costs or charges for
repeat surgery).
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The clinical role of laparoscopic mesh repair remains
controversial. There are short-term benefits in terms of less
pain and more rapid recovery. However, it is associated
with an estimated 4.7 serious adverse events per 1,000
procedures® and formal economic analyses show that it is
not cost-effective for routine use, principally because it
takes longer to perform and may involve the use of dispos-
able equipment.®® This study now indicates that recurrence
rates are similar after laparoscopic and open mesh repair.
Persisting pain appears less common after |aparoscopic re-
pair. However, the caveats discussed above also apply to
this finding. Furthermore, one trial has suggested that while
laparoscopic repair reduces groin pain, it may increase
testicular pain.?® We were not able to address this within our
current dataset and it needs further investigation. Laparo-
scopic repair might be most useful in specified sub-groups
of patients, such as those with bilateral or recurrent hernias.
Secondary analyses limited to such patients for whom we
had IPD had too few data to address this reliably.
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